Although PCR offers the potential for sensitive detection of parasites there are several pitfalls for optimal performance, especially when DNA is extracted from a complex sample material such as stool. With the aid of a sensitive inhibitor control in a duplex real-time PCR (qPCR) for identification of Entamoeba histolytica and Entamoeba dispar we have evaluated factors that influenced the performance of the qPCR and have suggested a rationale to be used in the analysis of clinical samples. Pre-PCR processing was found to be of outmost importance for an optimal amplification since inhibitors caused false-negative results when higher amounts of sample were used. Stool sampling with a flocked swab (ESwab, Copan), yielding on average 173 mg, gave positive qPCR results in samples with cysts of E. dispar that were negative in serially diluted stool samples. The degree of inhibition found varied between samples and was not an on-off phenomenon. Even low-grade inhibition, shown as an increase of two cycles in the qPCR for the inhibitor control, could lead to false negativity in samples with low amounts of parasites. Lack of amplification in the qPCR due to inhibition could be overcome by dilution of the extracted DNA by 1/10-1/20. We also describe the use of guanidinium thiocyanate buffer for transport and storage of samples as well as a time-saving semi-automated DNA extraction method in an Arrow instrument (Nordiag) preceded by bead beating.
INTRODUCTION
Amoebiasis caused by Entamoeba histolytica is endemic in developing countries, can be manifested by diarrhoea and/ or extra-intestinal disease such as liver abscess, and causes up to 100 000 deaths each year (Fotedar et al., 2007) . Four Entamoeba species with morphologically similar cysts and trophozoites can reside in the human intestine, Entamoeba histolytica, Entamoeba dispar, Entamoeba moshkovskii and the recently described Entamoeba bangladeshi (Kebede et al., 2004; Royer et al., 2012) . Although there have been reports on gastrointestinal symptoms in patients harbouring E. moshkovskii and E. bangladeshi (Ali et al., 2003; Royer et al., 2012; Shimokawa et al., 2012) , they have not yet been definitely defined as pathogenic species in humans (Heredia et al., 2012) . E. dispar is the most commonly found of these species and is generally considered non-invasive and non-pathogenic (Diamond & Clark 1993) .
The diagnosis of amoebiasis by conventional light microscopy of the parasite in stool after formalin/ether concentration (Ridley & Hawgood, 1956 ) is insensitive, with only 60 % sensitivity compared to culture (Haque et al., 1995) , and does not differentiate E. histolytica from the other morphologically similar Entamoeba species. Since The World Health Organization (WHO) in 1997 recommended that E. histolytica should be identified, and if present be treated, several techniques, such as antigen detection and PCR analyses have been developed (Haque et al., 1998) . The introduction of real-time PCR (qPCR) has improved the diagnostic sensitivity (Blessmann et al., 2002; Qvarnstrom et al., 2005) and PCR assays are being increasingly used (Verweij & Stensvold, 2014) , but many diagnostic laboratories still mainly rely on microscopic examination for detection of parasitic infections (Manser et al., 2014) . When PCR is introduced to test patient samples it should be remembered that many aspects of the method have to be taken into consideration when comparisons are made, among them differences in properties between the target organisms, specimen transport, sample storage and DNA extraction methods (Apfalter et al., 2005; Bastien et al., 2008) . Different protocols for qPCR detection of Entamoeba have been shown to have differences in assay performance and detection limits (Qvarnstrom et al., 2005) but few studies have reported on a user-friendly and robust protocol including the entire analysis chain from sample transport to detection of PCR products. In this study we have not only evaluated the performance of an inhibitor-controlled duplex qPCR to detect E. histolytica and E. dispar in stool samples but also evaluated sampling with ESwab (Copan), automated DNA extraction with the Arrow instrument (NorDiag) and storage of faecal samples in a medium containing guanidinium thiocyanate. We think that the results of this evaluation could be of value for the analysis of patient samples in routine diagnostic laboratories.
METHODS
Methodological overview. Different factors affecting qPCR detection of E. histolytica and E. dispar in stool samples were evaluated in a series of experiments, which are presented in a schematic overview in Fig. 1 Evaluation of a duplex qPCR for identification of E. histolytica and E. dispar. Detection of E. histolytica and E. dispar was performed by amplification of 173 bp of the 18S rRNA gene in a duplex qPCR using previously described primers and probes (Verweij et al., 2003b) . A common primer pair amplifies both species: Ehd-88R(F) (59-GCGGACGGCTCATTATAACA-39) and Ehd-239F(R) (59-ATTGT-CGTGGCATCCTAACTCA-39); while the differentiation between them is accomplished by specific TaqMan probes: Histolytica-96T (VIC-59-TCATTGAATGAATTGGCCATTT-39-MGBNFQ) and Dispar-96T (FAM-59-TTACTTACATAAATTGGCCACTTTG-39-MGBNFQ). Ehd-88R is the actual forward primer according to the GenBank accession nos X64142 and Z49256 (www.ncbi.nlm.nih.gov) of E. histolytica and E. dispar, respectively, and Ehd-239F the corresponding reverse primer. The 25 ml reaction mixture contained 12.5 ml TaqMan Universal PCR Master Mix (Applied Biosystems), 176 nM each of forward and reverse primer, 224 nM of His and Dispar-96T probe, respectively, 5 ml template DNA and 5.5 ml nuclease free (NF)-water. In negative controls the DNA template was substituted with NF-water. The amplification consisted of 95 uC for 10 min, 45 cycles of 95 uC for 10 s, 60 uC for 30 s, 72 uC for 30 s, and finally 72 uC for 10 min. The analyses were run in an ABI 7500 Fast System (Applied Biosystems). All samples were run in duplicate with undiluted DNA and DNA diluted 1/10 in NF-water. Initial evaluations of the duplex PCR efficiency were performed on cultured trophozoites of E. histolytica strain HM-1:IMSS and of E. dispar SAW 760, generously given by C. G. Clark, London School of Hygiene and Tropical Medicine, London, UK. A DNA-standard with 10-fold dilutions, from 5|10 4 to 5 genomes per reaction tube, was made from DNA extracted from the E. histolytica trophozoites. The amount of purified DNA was measured with NanoDrop (ND-1000 Spectrophotometer, NanoDrop 3.00, Thermo Scientific) and the genome concentration was calculated using the approximate weight of the genome of one trophozoite of 2.38|10 214 g (23 751 783 bp). A serial dilution of cultured E. histolytica and E. dispar trophozoites from 5|10 5 to 5 trophozoites ml 21 in PBS was also created and analysed after counting the amoebae in a haemocytometer. This corresponds to 1|10 4 to 0.1 cells per reaction tube in the PCR. The detection of trophozoites in PBS was compared with detection of E. histolytica trophozoites in faeces by spiking the trophozoite standard dilution in stool. For this, a faecal suspension of 0.5 g ml 21 in PBS was created from pooled samples of four healthy, parasite-free, individuals without a recent travel outside Sweden. The final concentration of trophozoites in the suspension was 2.5|10 5 to 2.5 cells ml 21 . In a separate experiment, regarding the impact of the sample volume on the qPCR efficiency, serial dilutions of E. histolytica trophozoites were spiked in the faecal suspension to a concentration of 1|10 4 to 1 ml 21 . The efficiency of the qPCR was evaluated by comparison of the C t values after DNA extraction with a guanidinium thiocyanate (Gua-SCN) method (see below) of 200 ml and 1000 ml sample volumes, respectively, during 4 days, day 0 to day3.
To evaluate the analytic performance of the duplex qPCR in reactions containing both Entamoeba species we used G-Sphere Entamoeba histolytica and Entamoeba dispar molecular standard with synthetic genes of 18S rRNA (Phthisis Diagnostics). The G-sphere DNA was diluted in NF-water to achieve 5 to 100 000 copies of the target gene of each organism per reaction tube. The qPCR for the test with GSphere was as described above with minor modifications, the probe concentrations were adjusted to 176 nM for E. histolytica and 124 nM for E. dispar. A singleplex approach was also evaluated in samples containing serially diluted trophozoites of both Entamoeba species, comparing outcomes using both probes and only the probe for E. histolytica. The reaction mixture consisted of TaqMan Universal PCR Master Mix, 900 nM each of the primers Droso 1 (59-AGGTGCCCGTGT-GTATCCAT-39) and Droso 2 (59-GCTCGTCCTCCGCCTCAT-39), 200 nM Droso 3 probe (FAM-59-TACCACGAATCTGCGACATTA-CCAGGG-39-MGBNFQ), NF-water, 5 ml IPC DNA and 5 ml sample DNA in a final volume of 25 ml. The amount of IPC added to each DNA template was 125 copies per reaction tube and the expected C t value was 29.3. The qPCR consisted of 95 uC for 10 min, 45 cycles of 95 uC for 10 s, 60 uC for 30 s, 72 uC for 30 s, and finally 72 uC for 10 min, performed in an ABI 7500 Fast System.
Stool sampling with ESwab and sample dilution. To evaluate the effect of stool sampling with ESwab (Copan) and sample dilution on the performance of qPCR three separate experiments were performed. The DNA extractions were made in an Arrow instrument (NorDiag) after bead beating (see below).
(i) The amount of stool sampled by the nylon flocked ESwab was tested by weighing swabs before and after being dipped in four loose and formed stool samples.
(ii) For evaluation of ESwab sampling on the outcome of the PCR the qPCR for IPC was used. Three repetitive ESwabs from four separate stool samples were suspended in 1 ml or 3 ml PBS or in 1 ml modified liquid Amies medium (MLA; Copan), respectively. DNA was extracted after bead beating, using the Arrow instrument with 100 ml and 200 ml elution volumes. Each DNA sample was, after addition of the IPC, analysed undiluted and diluted 1/10 in PBS.
(iii) Since the spiking of samples had indicated a sampling effect on the qPCR the impact of different amounts of faeces on the outcome of the qPCR was further evaluated by examination of four representative clinical stool samples, F224, F1612, F513 and F529, containing unknown amounts of E. dispar cysts and PCR inhibitors. The PCR confirmation of E. dispar in these samples was kindly done by M. Lebbad, Public Health Agency of Sweden, Solna, Sweden. A schematic view of these experiments is shown in Fig. 2 . For each sample, a suspension of 0.5 g faeces in 1 ml PBS was made, named the primary sample suspension (PSS; Fig. 2a ). DNA was then extracted from 400 ml of this mixture, i.e. from 200 mg faecal material. Fifty microlitres of the PSS was then used to dilute the suspension 10, 100 and 1000 times in PBS, which corresponds to a final amount of 20 mg, 2 mg and 0.2 mg faeces in the 400 ml used for extraction. For each DNA sample the IPC was run in parallel. The results of these tests were compared with two different ESwab protocols. In the first (Fig. 2b) , material was collected by the ESwab from the PSS. In the second (Fig. 2c) , ESwab was used to take a sample from the pelleted stool after centrifugation of PSS at 13 000 g for 5 min. In both the (b) and (c) protocols the ESwab brush with the collected sample was suspended in 1 ml PBS from which 400 ml was used for DNA extraction with 200 ml elution volume. Both undiluted DNA and DNA diluted 1/10 was analysed with the qPCR for E. dispar and IPC and the resulting amplification curves and C t were evaluated.
Gua-SCN buffers used in DNA extractions and transport media.
Three different buffers, L2, L6T and L6 were used, containing 0.96 g, 1.2 g and 1.65 g Gua-SCN ml 21 (Sigma), respectively, dissolved in 0.1 M Tris (pH 6.4). L6T was supplemented with 7 % (v/v) 0.5 M EDTA pH 8.0 and 1.9 % (v/v) Triton X-100, and L6 with 16.5 % (v/v) 0.5 M EDTA pH 8.0 and 5 % (v/v) Triton X-100. qPCR in detection of Entamoeba histolytica and E. dispar DNA extraction methods. A manual Gua-SCN-based DNA extraction method, slightly modified from that of Boom et al. (1990) , was used for the initial evaluations of the performance of the qPCR assay. In this method, 200 ml sample was mixed with 800 ml L6T buffer and 5 ml glass milk (Bio 101) and left at room temperature for 10 min. Larger sample volumes were evaluated when the sample solution already contained a Gua-SCN buffer. After thorough mixing the suspension was centrifuged at 10 000 g for 30 s, the pellet was washed twice with 1 ml L2 buffer, twice with 1 ml 70 % ethanol and finally once with 1 ml acetone. After removal of the supernatant the remaining fluid was evaporated at 56 uC for 10 min. After addition of 50 ml elution buffer (10 mM Tris hydrochloride/1 mM EDTA, pH 8.0), incubation at 56 uC for 10 min and centrifugation at 12 000 g for 2 min, the DNA-containing supernatant was transferred to tubes kept at +4 uC or at 220 uC until use. To minimize the hands-on time of the DNA extractions we then evaluated the efficiency of the Arrow instrument (NorDiag), a small automated nucleic acid extraction instrument with the capacity of 12 samples at a time. The Arrow Stool DNA kit (NorDiag) was used as described by the manufacturer. The outcome of the DNA extraction by the Arrow method was tested by comparison with the Gua-SCN method and the manual QIAamp DNA stool mini kit (Qiagen). In initial tests, with sample volumes of 200 ml from stool known to contain E. dispar, the qPCR results were negative in preparations from the Arrow instrument while positive with DNA from the two manual methods. Since mechanical grinding via bead beating has been shown to improve the PCR results for parasites (Babaei et al., 2011) , we evaluated a bead-beating step before DNA extraction in the Arrow instrument. The total DNA yield from stool suspensions was examined by two different beadbeating instruments. Bead S (Sigma) was used in an amount of 400 mg in the bead beater Tissuelyser LT (Qiagen), at 25 Hz for 40 s. Lysing matrix E tubes (MP Biomedicals), named bead E, was used with a FastPrep-24 Instrument at 6 m s 21 for 40 s (MP Biomedicals). Repetitive sampling from a parasite-free faecal sample using ESwab and suspension in 1 ml MLA was used to create a pooled faecal sample, from which 200 ml and 400 ml, respectively, were prepared for each bead suspension and for control tubes without beads. The effect of centrifugation at 3000 g, 5000 g and 13 000 g for 5 min after the bead beating was also evaluated. DNA was extracted from the resulting supernatant, supplemented with NF-water to 400 ml, with the Arrow Stool DNA kit. The DNA concentration was measured by NanoDrop.
Evaluation of Gua-SCN for storage and transport. Pooled parasite-free faecal samples were spiked with 10-fold dilutions of E. histolytica trophozoites and suspended in three different Gua-SCN-buffers, L2, L6T and L6, followed by DNA extraction with the GUA-SCN method and subsequent qPCR. The influence of storage of stool samples on the ability to recover Entamoeba DNA was evaluated in two experiments with spiked faecal samples kept at +4 uC and DNA extraction with the GUA-SCN method. For E. histolytica, the negative faecal sample was diluted 1/8 in L6T and 10-fold dilutions of trophozoites were added to a final concentration of 1|10 4 to 1 cell ml 21 and qPCR was performed at day 0, 1, 2 and 3. For E. dispar, the serial dilutions of trophozoites were spiked in two aliquots of pooled faeces, one mixed 1/8 with L6T buffer and one mixed 1/8 with PBS to the same concentrations as for E. histolytica. The qPCR was performed at day 0, 2, 4, 8, 14 and 48.
Statistical analysis. DNA extraction methods were compared by the mean differences in C t values, where higher C t values indicated lower sensitivity, using the two-tailed paired t-test in the statistical software R (R Core Team, 2014). A P value v0.05 was considered statistically significant.
RESULTS
Performance of the duplex qPCR for E. histolytica and E. dispar
The qPCR efficiency to detect E. histolytica was excellent when examined with a genomic DNA standard. The standard curve received by the 10-fold dilution from 5|10 4 to 5 genomes per reaction showed a homogeneous dilution with intervals of 3.4 cycles between each 10-fold dilution. Theoretically, the comparison with the standard curve allows an estimate of the concentration of an unknown amount of E. histolytica in a sample. However, this might not be readily applicable to clinical samples, since C t -value intervals between 10-fold dilutions of trophozoites suspended in faeces showed a greater variation, between 2.9 and 4.7 cycles. Since a common primer pair was used for both Entamoeba species we examined if this could affect the qPCR effiency in mixed infections. The detection sensitivity was compared for single and mixed targets using synthetic genes of 18S rRNA with 5 to 100 000 gene copies per reaction for each amoeba. The efficiency to detect low amounts of DNA, 5-50 copies of 18S rRNA, was found to be impaired by the presence of the other amoeba in concentrations i500 gene copies per reaction in the duplex qPCR (Table 1) . Thus, the limit of detection (LOD) for the nondominating species in a mixed infection was between 50 and 500 gene copies per qPCR tube. In a separate experiment we found only a minor increase in the qPCR sensitivity, less than one cycle difference (mean C t difference50.64), when DNA from both Entamoeba species were present in the sample but only the probe for E. histolytica was used for detection. When the qPCR efficiency was evaluated on faecal samples the sample size was shown to influence the performance. In preliminary tests of stool samples known to contain cysts of E. dispar only one out of four of the samples was positive when a sample size of 1000 ml containing approximately 0.5 g stool was used, but all were positive in the qPCR when the sample size was 200 ml after DNA extraction with the Gua-CSN method (data not shown). When a known amount of E. histolytica trophozoites diluted in Gua-CSN was added to the pooled faecal sample the sensitivity of the qPCR decreased significantly (Pv0.0001) when a sample size of 1000 ml was used compared with analysis of 200 ml. This was found especially in trophozoite concentrations less than or equal to 50 ml 21 (Table 2) .
PCR inhibition
The decreased sensitivity, i.e. higher C t values or negative results, found at higher stool sample volumes was seen as an indication that inhibitory substances were present in the samples. This was confirmed when undiluted DNA from faecal samples was examined with the addition of the inhibitor control IPC. Even a low dilution of DNA accomplished by a doubled elution volume improved the results of the qPCR, an effect not seen when the sample was diluted 1/3 (Table 3) . With a 100 ml DNA elution volume only three of 12 samples (25 %) were positive in the qPCR for IPC while all but one sample showed a positive result with a doubled elution volume and the DNA template diluted 1/10, i.e. a total dilution of 1/20 (Table 3) . Even low levels of inhibition, manifested as 1.7-2 increase in C t values for the IPC, inhibited the Entamoeba qPCR in the dilution series of clinical samples F224 and F1612 (Table 4) .
Effect of stool sampling with ESwab and sample dilution on the performance of qPCR (i) Since the experiments had shown a need for determination of the sample size and weighing stool samples is time-consuming we evaluated sampling with ESwab (Copan). The absorption of faecal material by the nylon flocked ESwab was on average 173 mg faeces (140-220 mg), the higher amount in loose stools.
(ii) Different ESwab suspension protocols were evaluated based on the outcome of the qPCR for the IPC. The main conclusion was that the most important factor was dilution of the extracted DNA in order to avoid inhibition (Table 3) . qPCR in detection of Entamoeba histolytica and E. dispar (iii) Further experiments with ESwab and the effect of dilutions were performed according to Fig. 2 . The amount and quality of faeces that was delivered by the ESwab brush into a suspension of 1 ml PBS, approximately 70 mg in the 400 ml used in the Arrow instrument, gave positive qPCR amplifications in all four samples containing cysts of E. dispar after bead beating and DNA extraction (Table 4) . In contrast, none of the samples were positive after analysis of faecal sample dilutions (PSS) not collected by ESwab, although they contained only 20 mg faeces. The PSS had to be diluted 1/100 prior to DNA extraction to eliminate the effect of inhibitors, which resulted in an amount of 2 mg faecal material in the 400 ml suspension used for extraction. However, this dilution led to negative qPCR results for E. dispar in three out of four samples (Table 4) .
DNA extractions
The ability to detect E. dispar in clinical samples was initially shown to be impaired after DNA extraction with the Arrow stool kit compared with the two manual methods when faecal suspensions of 200 ml were used. DNA extraction with QIAamp spin columns as well as with the Gua-SCN method, although performed on a small amount of samples, all resulted in positive qPCR results with C t values between 35.6 and 37.3. In an attempt to improve the performance of the Arrow method a bead-beating step was introduced before the DNA extraction. When total DNA recovery from stool was compared, the highest recovery, 76 ng ml 21 was seen after bead beating with bead E in the FastPrep-24 Instrument followed by gentle centrifugation at 3000 g for 5 min and DNA extraction of 400 ml faecal sample in the Arrow instrument. The DNA recovery with the bead S protocol was substantially lower, comparable with what was found without bead beating. With the bead-beating step a doubled sample volume, 400 ml, was introduced and with this protocol eight out of eight reactions that previously tested negative became positive after extraction with the Arrow kit with mean C t values of 33. This pre-treatment was therefore included for all subsequent extractions with the Arrow instrument. A sample volume of 200 ml is within the range recommended by the manufacturer for the QIAamp mini stool kit. It can be noted that an increase of the sample volume to 400 ml resulted in negative qPCR results or C t values w40 for this method.
Gua-SCN for storage and transport
Tenfold dilution series of E. histolytica trophozoites spiked in faecal suspensions containing buffers L2, L6 or L6T were detected by qPCR, The C t values were 25.2-35.9 in L6, 25.3-34.7 in L6T and somewhat lower, 22.6-32.7, in the L2 buffer. No inhibition was found among the samples, the C t values for the IPC qPCR were 29-30. In an experiment with spiked faecal samples in L6T buffer, kept for 4 days at +4 uC, DNA from E. histolytica could be detected without any significant changes in the C t values ( Table 2) . The ability to detect DNA from trophozoites of E. dispar in faecal suspensions mixed with L6T or PBS was examined on day 0, 2, 4, 8, 14 and 48 in refrigerated samples. The corresponding C t values for 10 000-100 trophozoites ml 21 in faeces with PBS was on average 3.0 higher (Pv0.001), i.e. showed approximately ten times lower sensitivity, than in faecal suspensions with L6T. For samples containing 10 and 1 trophozoite ml 21 there was also a tendency for better performance with Gua-SCN, but the qPCR results were more erratic and the C t values generally exceeded 40, making comparisons difficult. Both methods of storage yielded positive results for E. dispar trophozoites down to 1 cell ml 21 in the qPCR assay performed after 48 days of storage. We noted a tendency for L6 and L6T buffers to crystallize when kept at +4 uC, and L2 buffer might be the better alternative for sample transport and storage.
DISCUSSION
PCR is a valuable tool for the necessary discrimination between different entamoebas. However, the complex Table 2 . Influence of different faecal sample size and storage time on the qPCR efficiency to detect E. histolytica after DNA extraction with the Gua-SCN method E. histolytica trophozoites were serially diluted in a suspension of faeces and L6T Gua-SCN buffer. The mean C t -value difference between sample volumes was 2.7, P,0.0001.
Amount of trophozoites
Faecal sample C t value nature of faeces can interfere with the PCR and several protocols, many of which are laborious and time consuming, have been described (Fotedar et al., 2007; Sluter et al., 1997) . The transport of faecal samples is another obstacle. In this study we wanted to evaluate factors that can affect the implementation of PCR for identification of E. histolytica and E. dispar in the clinical laboratory.
Duplex qPCR for identification of E. histolytica and E.dispar
The 18S rRNAs of E. histolytica and E. dispar are 98 % identical (Kumari et al., 2013) and the discrimination between the two in the qPCR assay we used is dependent on species-specific fluorescent probes. Qvarnstrom et al. (2005) evaluated this approach and found its specificity superior to both a Light cycler protocol and a TaqMan   Table 4 . C t values in qPCR of differently diluted samples containing E. dispar cysts Faecal amount, the amount of faeces in the 400 ml used for DNA extraction in the Arrow instrument; IPC, inhibitor control, the C t value in saline was 27.3 qPCR in detection of Entamoeba histolytica and E. dispar assay with episomal repeats as target (Blessmann et al., 2002; Qvarnstrom et al., 2005; Verweij et al., 2003a) . We evaluated the qPCR efficiency in mixed infections of both species by using synthetic genes of 18S rRNA and found that the LOD for the Entamoeba in minority could increase to 50-500 copies of 18S rRNA if the other amoeba was present in i500 gene copies per reaction (Table 1) . Since the 18S rRNA gene in Entamoeba is located on an extra-chromosomal circular plasmid and present in about 200 copies per cell (Bhattacharya et al., 1998) this LOD corresponds to 0.25-2.5 cells per 5 ml DNA template. We therefore propose that the sensitivity is sufficient to resolve mixed infections in stool samples from clinical cases. Single species infections are more common, especially in non-endemic settings (Lebbad & Svärd, 2005) and the assay has a very high sensitivity, detecting five gene copies of either Entamoeba species per reaction tube, when only one species is present.
PCR inhibition
Inhibitory substances are well known to be co-extracted with DNA from complex materials such as stool, blood or soil and to interfere with the thermostable DNA polymerases. False-negative PCR results caused by inhibitors were seen in several of the experiments of this study. The effect of inhibitors can also be manifested as reduced amplification sensitivity, as has been shown when bacteria in sediments were analysed (Herrick et al., 1993) . A partially inhibited PCR was clearly seen in our experiments with diluted samples (Tables 3 and 4) . Thus, PCR inhibition should not be regarded as an on-off phenomenon. In other reports of PCR analyses of Entamoeba in stool, misidentification in microscopy rather than inhibition have been suspected when cysts of Entamoeba have been found, but not by PCR (Hamzah et al., 2006; Santos et al., 2007) . The use of a known concentration of the inhibitory control target DNA with an expected C t value in the qPCR offers a sensitive tool to determine if any degree of inhibition is present when false-negative results are suspected. A sensitive inhibition control is especially important in samples with a low amount of parasites since even relative inhibition, i.e. an increase of two cycles in the IPC qPCR, was shown to mask the signal in these samples (Table 4) . Different strategies have been employed to overcome the negative effect of inhibitors on the PCR amplification, such as the addition of BSA or T4 gene 32 protein (gp32), relieving inhibition caused by faeces and haemin but not by EDTA, bilirubin or bile salts (Kreader, 1996) . The Tth DNA polymerase has been reported to be less effected by inhibitors and the presence of faeces in the reaction mixture than Taq polymerase (Rådström et al., 2004 ). Since we aimed at a simple qPCR protocol that could be used within the routine clinical laboratory we have not tried to optimize the reactions according to these options, but these strategies reveal a possibility for optimizing in-house protocols. In stool samples without any amplification of the IPC a dilution of the extracted DNA 1/10 in PBS did overcome the inhibition (Table 3) . We therefore recommend that PCR assays are complemented with sample DNA diluted 1/10, if the problem with inhibitors has not been addressed in another way.
Sample collection with ESwab
A relief of inhibition was also found in samples collected with the ESwab brush. The effect was seen in spite of the presence of larger amounts of faecal material in the DNA extractions (Table 4) . This indicates that a lower amount of soluble inhibitory substances may be carried over by the ESwab. The optimal sensitivity in the qPCR was found when ESwab sampling was made directly from stool or from pelleted faecal material from suspensions. Whether rectal sampling of faecal material with the aid of ESwab is sufficient for a sensitive detection of intestinal parasites has to be evaluated.
DNA extraction
The ability of different DNA extraction systems to prepare DNA from cyst-forming protozoa in stool may vary and the sensitivity of the system to detect low amounts of parasites has to be tested separately. A comprehensive evaluation of the performance of different DNA extraction methods was not within the scope of this study but has been studied by others. Differences in performance between commercial automatic methods for detection of Toxoplasma and other parasites have been described (Jeddi et al., 2013; Yera et al., 2009) . Schuurman et al. (2007) studied the identification of Salmonella in stool by molecular analysis. The most culture-positive stool samples could be verified after DNA extraction with the Gua-SCN method compared with NucliSens miniMAG (bioMérieux) and MagNA Pure (Roche). The Gua-SCN method also performed well in our tests, and gave positive results even with 1 ml sample volumes, although better results, shown as lower C t values, were found when 200 ml was used (Table 2) . A higher DNA yield when smaller volumes of stool were used has also been described for the automated kit QIAsymphony R Virus/Bacteria Midi kit (Qiagen). This was attributed to better contact between beads, lysing buffer and the sample when smaller volumes were used and a possibility that larger amount of faeces led to ruptured purification filters (Claassen et al., 2013) . When traditional light microscopic identification of parasites in stool is used, the sensitivity of the analysis increases when a higher amount of sample is examined (Knopp et al., 2008) . It is important to point out the difference in sampling routines needed when molecular techniques are used, since the use of both a too small and a too large sample volume can impair the diagnostic sensitivity.
The Gua-SCN method seems to be a robust system which in addition to its low cost can make it a suitable method when a low number of samples are analysed. However, to avoid laborious manual DNA extraction from stool, a bottleneck of DNA-based techniques (Verweij et al., 2000; Wilson, 1997) , we think that the automatic DNA extraction in an Arrow instrument preceded by the beadbeating protocol that we have evaluated affords a good choice for clinical laboratories.
Gua-SCN for storage and transport
The inclusion of formalin as a preservative for light microscopy has been shown to interfere with PCR analysis (Johnson et al., 1995) . A way to circumvent this problem is to use fresh samples without formalin. However, Lebbad & Svärd (2005) found that when samples were transported for several days the DNA from E. histolytica seemed to degenerate and that storage of faecal samples in 70 % ethanol increased the rate of positive reactions. Other authors have recommended freezing of fresh samples to preserve the DNA (Nú ñez et al., 2001) . The chaotropic agent Gua-SCN causes cell lysis and nuclease-inactivation and can prevent DNA from being trapped in clinical sample residues, thereby reducing the activity of PCR inhibitors (Sandhu et al., 1995) . We examined three different Gua-SCN buffers L2, L6T and L6, with increasing amounts of Gua-SCN as alternatives for storage and transport. E. histolytica could be detected in all three buffers and DNA from E. dispar trophozoites in L6T was identified after 48 days in the refrigerator.
Summary
Neither the clinical relevance of a low intestinal parasite load nor the optimal level of detection for diagnosis of parasitic gastrointestinal diseases is known. Further studies are needed to correlate the amounts of parasites present in the intestine to disease and/or asymptomatic carriership. Until then we aim at as high sensitivity as possible in the analyses of parasites in stool samples. As molecular-based techniques are being increasingly used it is important that all diagnostic procedures, including both in-house and commercial tests, are evaluated for the pitfalls shown in this study to lower the risk of falsenegative results. In summary, we recommend the following for identification of E. histolytica and E. dispar. Samples collected directly from faeces by the ESwab brush are suspended in 1 ml Gua-SCN buffer for transport and if further storage is needed, at +4 uC. DNA is extracted in an Arrow instrument (NorDiag) after bead beating of 400 ml sample suspension. For DNA extraction with the GUA-SCN method, the QIAamp stool mini kit, and possibly also in the QIAsymphony system (Claassen et al., 2013) , 200 ml sample volumes should be used. Using an inhibitor control with a known number of copies and hence expected C t values is an essential prerequisite for evaluating the qPCR results. Analysis of DNA both undiluted and diluted 1/10 may be needed to evaluate and overcome inhibitors. We also think that identification of both E. histolytica and E. dispar in the qPCR is valuable since the coexistence of the two species can interfere with the sensitivity of the test. Applying these key points creates a simple and effective diagnostic tool for identification of E. histolytica and E. dispar with clinical applicability.
